Estimation of large-scale land surface temperature from satellite images is of great importance for the study of climate change. This is especially true for the most challenging areas, such as the Tibetan Plateau (TP). In this paper, two split window algorithms (SWAs), one for the NOAA's Advanced Very High Resolution Radiometer (AVHRR), and the other for the Moderate Resolution Imaging Spectroradiometer (MODIS), were applied to retrieve land surface temperature (LST) over the TP simultaneously. AVHRR and MODIS data from 17 January, 14 April, 23 July, and 16 October 2003 were selected as the cases for winter, spring, summer, and autumn, respectively. Firstly, two key parameters (emissivity and water vapor content) were calculated at the pixel scale. Then, the derived LST was compared with in situ measurements from the Coordinated Enhanced Observing Period (CEOP) Asia-Australia Monsoon Project (CAMP) on the TP (CAMP/Tibet) area. They were in good accordance with each other, with an average percentage error (PE) of 10.5% for AVHRR data and 8.3% for MODIS data, meaning the adopted SWAs were applicable in the TP area. The derived LST also showed a wide range and a clear seasonal difference. The results from AVHRR were also in agreement with MODIS, with the latter usually displaying a higher level of accuracy.
Introduction
Land surface temperature (LST) plays an important role in the interaction between land and atmosphere, being one of the key parameters in studies of global climate change. LST is also an important factor controlling most physical, chemical and biological processes of the Earth (Qin and Karnieli, 1999) . Traditional measurement methods are able only to obtain LST at point or local scales, and the requirement for LST at the regional and even global scale in environmental studies and resource management makes remote sensing of LST an important research subject (Yang and Yang, 2006) . With the availability of Advanced Very High Resolution Radiometer (AVHRR) and Moderate Resolution Imaging Spectroradiometer (MODIS) data, various algorithms have been proposed for the remote sensing of LST. These algorithms are, however, empirical in nature and therefore limited to a specific application and region.
Referred to as the "Roof of the World" and the "Third Pole of the Earth" (Qiu, 2008) , the Tibetan Plateau (also known as the Qinghai-Xizang Plateau; TP hereinafter) is well-known both for its high altitude and unique geographical features (Ding et al., 2006) . It has significant thermal and dynamical influences on atmospheric circulation and it is also thought to play an important role in the progress of the Asian summer monsoon and global climate change. With the implementation of the Global Energy and Water Cycle Experiment (GEWEX) and the Asia Monsoon Experiment on the TP (GAME/Tibet) (Koike et al., 1999) and the Coordinated Enhanced Observing Period (CEOP) Asia-Australia Monsoon Project on the TP (CAMP/Tibet), land-surface-atmosphere interactions have been observed at the patch scale around measurement sites.
Remote sensing provides an effective method to retrieve larger-scale land surface parameters. Ma et al. (2003 Ma et al. ( , 2006 derived land surface parameters and surface flux in the experimental area of GAME/Tibet from the United States National Oceanic and Atmospheric Administration advanced very high resolution radiometer (NOAA AVHRR) and Landsat ETM data. However, the results were limited to the mesoscale area and they were not sufficient to understand LST variations at the plateau scale. Oku and Ishikawa (2004) estimated LST over the TP area with altitudes of over 4000 m using Geostationary Meteorological Satellite Visible/Infrared Spin-Scan Radiometer (GMS VISSR) images.
On the whole, studies which have estimated LST over the most challenging area of the TP have been scarce. It is not only necessary but also important to find the proper algorithms to derive the LST over the TP. In this paper, two different Split Window Algorithms (SWAs), one for AVHRR-16 L1B data, the other for MODIS L1B data, will be applied to retrieve LST. The data and methodology adopted in the study are introduced in the second section. The results are then presented in the third section, together with validation from ground truth measurements. Some concluding remarks are made in the final section.
Data and methodology

Datasets
The NOAA has an ongoing operational program of polar-orbiting meteorological satellites with the AVHRR instrument on board to monitor global meteorological change (Cracknell, 1997). The NOAA-AVHRR has two thermal channels operating in the wavelength ranges 10.5-11.3 and 11.5-12.5 μm, respectively. Although the spatial resolution of its highresolution picture transmission (HRPT) format is relatively low (1.1×1.1 km 2 under nadir), the NOAA-AVHRR has the advantages of a frequent revisiting time (about two images per day), and easy access. These two features have made it an important source of remote sensing data for the monitoring of the Earth's resources (Qin et al., 2001) .
MODIS is an Earth observation system (EOS) instrument. It views the entire surface of the Earth every one to two days, acquiring data in 36 spectral bands. The thermal channels 31 and 32, ranging in wavelengths of 10.78-11.28 and 11.77-12.27 μm, respectively, have a spatial resolution of 1 km. MODIS is particularly useful because of its global coverage, radiometric resolution, dynamic ranges, and accurate calibration in multiple thermal infrared bands designed for retrievals of SST, LST and atmospheric properties (Mao et al., 2005a) .
Because of the challenging climate conditions over the TP, meteorological stations are not only sparse but also uneven. There are few in situ data that can be used to validate derived LST. Taking this in situ data quality into account, the data from four observation sites in CAMP/Tibet area were used to validate the satellite estimation (Table 1) .
Methods
For AVHRR L1B data, several preprocessing steps are necessary, such as calibration, infrared limb darkening correction, geometric correction, image mosaic and subset. For MODIS L1B data, Bowtie processing, calibration, geometric correction, image mosaic and subset are required. As the TP covers a large extent in southwestern China, several satellite images were needed to make a composition of the full Plateau image: AVHRR images taken at 1424 (Beijing Standard Time; BST hereinafter) and 1612 BST were used to compose the TP image for 17 January 2003; AVHRR images taken at 1438 BST and 1627 BST were used to compose the TP image for 23 July 2003; MODIS images taken at 1250 BST and 1320 BST were used to compose the TP image for 17 January 2003; and MODIS images taken at 1230 BST and 1325 BST were used to compose the TP image for 23 July 2003.
The retrieval of LST from AVHRR and MODIS data was achieved mainly through the application of SWAs. A SWA was first introduced to estimate ocean surface temperature (McMillin, 1975) , with Price (1984) being one of the main pioneers thereafter in applying the split window technique for LST retrieval. Since then, after twenty years of development, there are now about 20 proposed SWAs (Table 2) . Of these, Ma's algorithm (Ma and Tsukaoto, 2002 ) is the only algorithm put forward for the experimental area
